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Objective: This study aimed to investigate the shortest compression time to achieve hemostasis and the optimal hemostasis strategy 
in patients treated with transradial access chemoembolization (TRA-TACE).
Methods: From October 2019 to October 2021, 119 consecutive patients with hepatocellular carcinoma (HCC) who underwent 134 
sessions of TRA-TACE were included in this prospective single-center study. The compression time was measured by decompressing 
the device for 30 min, and thereafter, every 10 min after the procedure until complete hemostasis was achieved.
Results: Technical success was achieved for all TRA procedures. None of the patients experienced major TRA-related adverse events. 
Minor adverse events occurred in 7.5% of the patients. The mean compression time was 31.8 ± 5.0 min. Factors that may impact 
hemostasis were analyzed by univariate and multivariate analyses, and a platelet count < 100×109 /L (p = 0.016, odds ratio = 3.942) 
was found to be an independent factor that could predict the failure to achieve hemostasis within 30 min. For patients with a platelet 
count < 100×109 /L, the compression time required to achieve hemostasis was 60 min. For patients with a platelet count ≥ 100×109 /L, 
the compression time required to achieve hemostasis was 40 min.
Conclusion: To achieve hemostasis in patients with HCC treated with TRA-TACE, compression for 60 min is sufficient for those 
with a platelet count < 100×109 /L, and compression for 40 min is sufficient for those with a platelet count ≥ 100×109 /L.
Keywords: hepatocellular carcinoma, transarterial chemoembolization, transradial access, hemostasis

Introduction
Transradial access (TRA) and transfemoral access (TFA) are both well-accepted artery access sites for peripheral 
interventions. The advantages of TRA include early ambulation and swifter hospital discharge.1,2 Recent studies have 
shown that the satisfaction and quality of life in patients using TRA were significantly better than those using TFA, and 
bleeding complications at the access site were fewer in patients using TRA.3–5 Therefore, in recent years, TRA has been 
increasingly used in all types of peripheral interventions.6

The compression time to achieve hemostasis after TRA can affect patient satisfaction and the time to discharge.1 

Compressing the puncture site for at least 1.5 h after the TRA procedure is the hemostasis strategy recommended for 
patients treated with peripheral interventions.4,5 In cardiac interventions, it has been shown that shorter compression time 
can reduce the rate of radial artery occlusion (RAO),7 which is the most common complication of TRA and restricts the 
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use of the same radial artery for future procedures.8 However, to date, no study has investigated the shortest compression 
time for peripheral TRA interventions.

We hypothesized that the time for removal of the compression device could be shortened without increasing the 
incidence of bleeding complications after peripheral interventions. As the most common peripheral TRA procedure is 
transradial access chemoembolization (TRA-TACE), which is performed in 32–59% of all peripheral TRA procedures,5,9 

we aimed to investigate the shortest compression time to achieve hemostasis in patients treated with TRA-TACE and 
explore the optimal hemostasis strategy for TRA in peripheral interventions.

Materials and Methods
Study Design
This prospective, single-center study was approved by our institutional review board and conducted in accordance with 
the guidelines of the Declaration of Helsinki. This study was registered in the Chinese Clinical Trial Registry (registra-
tion number: ChiCTR2200056326). Written informed consent was obtained from all patients. The study also adheres to 
the STROBE guidelines. From October 2019 to October 2021, patients diagnosed with hepatocellular carcinoma (HCC) 
who were scheduled to undergo TRA-TACE were considered eligible for this study. The inclusion criteria were as 
follows: (1) age ≥ 18 years, (2) clinically and/or pathologically diagnosed HCC,10,11 and (3) patients scheduled to be 
treated with TRA-TACE. The exclusion criteria were as follows: (1) radial artery diameter < 2 mm,4 (2) radial artery 
occlusion or congenital malformation,12 (3) systemic active infection or local active infection at the puncture site, (4) 
neurological or mental disorders, and (5) unwillingness to participate or provide written informed consent.

TRA-TACE and Patent Hemostasis
The procedure for TRA-TACE is described in a previous study.3 After insertion of a sheath (5-Fr radial access kit, 
Radiofocus, Terumo) in the left radial artery, patients were given a cocktail consisting of 5 mg of verapamil, 200 μg of 
nitroglycerine, and 3000 U of heparin diluted in 20 mL of their blood via the vascular sheath.3 The method to achieve 
hemostasis in the radial artery was based on the patent hemostasis strategy, which requires the maintenance of antegrade 
blood flow through the radial artery during hemostatic compression.13 The patent hemostasis strategy is briefly described 
as follows: (1) after removing the guiding catheter, pull out the sheath approximately 2–3 cm; (2) place the center of the 
radial compression device (Finale, Merit) 2–3 mm proximal to the skin entry site and tighten; (3) remove the sheath 
completely; (4) decompress the device until minimal bleeding is observed; (5) recompress the device at a level just 
enough to maintain patent hemostasis; (6) confirm the patency of the radial artery by the reverse Barbeau’s test; and (7) 
after at least 30 min, remove the device according to the strategy described below.

Study Endpoints
The compression time to achieve hemostasis is defined as the time between achieving patent hemostasis using 
a compression device and complete removal of the compression device.14 To examine the shortest compression time 
possible to achieve hemostasis, removal of the device was attempted 30 min after patent hemostasis for the first time 
by decompressing the device, and the attempt was repeated every 10 min thereafter until complete hemostasis was 
observed (Figure 1). The compression device was removed immediately after complete hemostasis was achieved. 
Technical success, number of puncture attempts, puncture time, and procedure time were recorded. Technical success 
was defined as successful chemoembolization of the targeted tumor-feeding arteries via the TRA.3 Puncture time was 
defined as the time between the beginning of the first puncture and the successful insertion of a guidewire. The 
diameter of the radial artery before and 24 h after the procedure was measured using ultrasound. Early and late RAO 
was evaluated at 24 h and 30 days after the procedure using ultrasound and the reverse Barbeau’s test, respectively. 
Other TRA-related adverse events were also recorded according to the Common Terminology Criteria for Adverse 
Events version 5.0.15
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Statistical Analysis
A two-sided p < 0.05 was considered as a statistically significant difference. Univariate and multivariate logistic 
regression analyses were performed to determine whether certain factors could predict hemostasis failure within 30 
min after the procedure. SPSS statistical software (version 21.0; Chicago, IL, USA) was used for the statistical 
analyses.

Results
Patient Characteristics
One hundred and twenty-two patients with HCC were considered eligible according to the inclusion criteria. Two 
patients with small radial arteries (diameter < 2 mm) and one patient unwilling to participate in the study were 
excluded. Ultimately, 119 patients who underwent 134 TRA-TACE procedures were included in the analysis. Fifteen 
(12.6%) patients underwent TRA-TACE twice. The baseline characteristics of the 119 patients are shown in Table 1. 
Most patients were men (86.6%), and the most common etiology was hepatitis B virus infection (73.1%). According to 

Figure 1 The process to measure time to achieve hemostasis for all of the 134 TRA-TACE procedures.

Table 1 Clinical Characteristics of the 119 
Patients with HCC Who Underwent 
Transradial Access Chemoembolization 
(TRA-TACE)

Characteristic n = 119

Age, years 58.0 ± 9.6

Sex
Male 103 (86.6)

Female 16 (13.4)

Etiology
HBV 88 (73.9)

HCV 7 (5.9)

HBV + HCV 2 (1.7)
Others 22 (18.5)

ECOG Performance Status

0 111 (93.3)
1 8 (6.7)

Child-Pugh Class

A 106 (89.1)
B 13 (10.9)

(Continued)
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the Barcelona Clinic Liver Cancer (BCLC) staging system, half of the patients were classified as BCLC stage 
B (52.1%). Factors that potentially affect the compression time to achieve hemostasis, such as hypertension 
(25.2%), diabetes (19.3%), platelet count (135.3 ± 64.5×109 /L), and international normalized ratio (1.09 ± 0.12), 
have also been reported. None of the patients received antiplatelet or anticoagulation therapy within two weeks before 
the procedure.

TRA-Related Outcomes
Technical success was achieved in all TRA procedures (Table 2), and none of the patients required conversion to the 
femoral artery or contralateral radial artery. For most TRA procedures (83.6%), one puncture attempt was sufficient to 
successfully establish radial artery access using the conventional palpation method. The puncture time was usually less 

Table 1 (Continued). 

Characteristic n = 119

BCLC Stage

A 33 (27.7)
B 62 (52.1)

C 24 (20.2)

Hypertension 30 (25.2)
Diabetes 23 (19.3)

PLT (×109 /L) 135.3 ± 64.5

INR 1.09 ± 0.12

Note: Data are presented as frequency (percentage) or 
mean ± standard deviation. 
Abbreviations: HCC, hepatocellular carcinoma; HBV, 
hepatitis B virus; HCV, hepatitis C virus; ECOG, 
Eastern Cooperative Oncology Group; BCLC, 
Barcelona Clinic Liver Cancer; PLT, platelet count; 
INR, international normalized ratio.

Table 2 Outcomes of the 134 TRA Procedures 
in the 119 Patients

Items n = 134

TRA-related outcomes
Technical success 134 (100)

Number of puncture attempts 1.2 ± 0.6

Puncture time, seconds 27.9 ± 25.6
Time of TRA-TACE, minutes 66.9 ± 25.1

Diameter of radial artery, mm

Baseline 2.7 ± 0.3
24 hours after TRA-TACE 2.8 ± 0.3

30 days after TRA-TACE 2.7 ± 0.3

TRA-related AEs 10 (7.5)
Major AEs (Grade 3 or 4) 0 (0)

Minor AEs (Grade 1 or 2) 10 (7.5)

● Pain 6 (4.5)
● Ecchymosis 4 (3.0)

● Hematoma 2 (1.5)
● Early RAO 1 (0.7)

Note: Data are presented as frequency (percentage) or mean 
± standard deviation. 
Abbreviations: TRA, transradial access; TACE, transarterial 
chemoembolization; AEs, adverse events; RAO, radial artery 
occlusion.
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than 1 min (27.9 ± 25.6 s). The diameter of the radial artery evaluated before the procedure (2.7 ± 0.3 mm), 24 h after the 
procedure (2.8 ± 0.3 mm) and 30 days after the procedure (2.7 ± 0.3 mm) were not significantly different from each other. 
None of the patients experienced major TRA-related adverse events. Minor adverse events occurred in 7.5% of the 
patients, including pain (n = 6, 4.5%), ecchymosis (n = 4, 3.0%), hematoma (n = 2, 1.5%), and early RAO (n = 1, 0.7%). 
For two patients with a hematoma, more than one puncture was attempted, and the platelet count was 69×109 /L in one 
patient. However, the compression time to achieve hemostasis for both patients was 30 min. Early RAO was detected via 
ultrasound in one patient 24 h after the procedure; however, the radial artery spontaneously recanalized one month after 
the procedure without any treatment. For patients who underwent the first and the second TRA procedures, the incidence 
of minor adverse events was not significantly different between each other (7.6% vs 6.7%, p > 0.999).

Compression Time to Achieve Hemostasis and Its Related Factors
The median and mean compression time were 30 (range: 30–60) and 31.8 (standard deviation: 5.0) min, respectively. The mean 
compression time between the first (n = 119) and the second (n = 15) TRA procedures was not significantly different (31.8 ± 5.2 
min vs 32.0 ± 4.1 min, p = 0.865). Successful initial hemostasis was achieved in 117 TRA procedures (87.3%) at 30 min after the 
procedure, and the compression time for all procedures to achieve hemostasis was 60 min (Figure 2A). To investigate the factors 
that independently affect the hemostasis process, TRA procedures were divided into two groups: those that achieved hemostasis 
within 30 min after the procedure (n = 117), and those that did not achieve hemostasis within 30 min after the procedure (n = 17). 
Factors that may impact hemostasis were analyzed in the univariate and multivariate analyses (Table 3), and a platelet count < 
100×109 /L (p = 0.016, odds ratio = 3.942, 95% confidence interval: 1.296–11.989) was found to be the only independent factor 
that could predict the failure to achieve hemostasis within 30 min. For patients with a platelet count < 100×109 /L, 34 of 45 
(75.6%) TRA procedures achieved hemostasis at 30 min after the procedure; the time for all procedures to achieve hemostasis 
was 60 min (Figure 2B). However, for patients with a platelet count ≥ 100×109 /L, 83 of 89 (93.3%) TRA procedures achieved 
hemostasis at 30 min after the procedure; the time for all procedures to achieve hemostasis was 40 min (Figure 2C).

Discussion
Patent hemostasis using a compression device has been considered the most efficient strategy to achieve hemostasis and 
decrease the occurrence of RAO, and is recommended for use in peripheral TRA interventions.13 However, to the best of 
our knowledge, the shortest compression time using the patent hemostasis strategy is still unknown in the field of 
peripheral interventions. In this study, we found that (1) the patent hemostasis strategy was safe for use in patients with 
HCC treated with TRA-TACE, (2) compression for 30 min was sufficient to achieve hemostasis in most patients, and (3) 
platelet count was independently related to the time to achieve hemostasis. Based on these findings, we propose a novel 

Figure 2 The cumulative hemostasis rate after transradial access chemoembolization (TRA-TACE) in patients with hepatocellular carcinoma. (A) The time to achieve 
hemostasis in all of the 134 TRA-TACE procedures. (B) The time to achieve hemostasis in patients with a platelet count < 100×109 /L. (C) The time to achieve hemostasis in 
patients with a platelet count ≥ 100×109 /L.
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strategy to modify the patent hemostasis strategy in the field of peripheral interventions, especially in patients treated 
with TRA-TACE (Figure 3).

In this study, the patent hemostasis strategy was safe and efficient in achieving complete hemostasis. Posham et al 
applied the patent hemostasis strategy in more than 1500 cases of non-coronary TRA procedures. Major adverse events 
and RAO were observed in 0.13% and 0.73% of the patients, respectively, and repeat TRA procedures (even up to 7 
times) were not associated with complications.5 In a randomized trial using the patent hemostasis strategy, Yamada et al 
compared patient satisfaction with TRA and TFA in 36 patients with HCC, and no major adverse events or RAO were 
observed. The compression time was further shortened in the current study compared to that in previous studies.4,5 No 

Figure 3 Modified patent hemostasis strategy based on platelet counts for transradial access chemoembolization (TRA-TACE) in patients with hepatocellular carcinoma. 
Abbreviation: PLT, platelet count.

Table 3 Univariate and Multivariate Logistic Regression Analyses for Factors Predicting the Time to 
Remove the Compression Device (> 30 min or not)

Variables Univariate Analysis Multivariate Analysis

p value OR (95% CI) p value OR (95% CI)

Age > 65 0.215 1.942 (0.680, 5.547)
Female sex 0.161 2.462 (0.698, 8.680)

HBV infection 0.210 0.498 (0.168, 1.480)

BCLC Stage C 0.582 1.407 (0.417, 4.746)
Hypertension 0.021 3.444 (1.202, 9.871) 0.054 3.033 (0.982, 9.363)

Diabetes 0.270 1.905 (0.606, 5.986)

PLT < 100×109 /L 0.006 4.475 (1.532, 13.071) 0.016 3.942 (1.296, 11.989)
INR > 1.09 0.653 0.784 (0.271, 2.265)

TRA history 0.373 1.875 (0.470, 7.472)

RA diameter > 2.7 mm 0.275 0.555 (0.192, 1.599)
Number of puncture attempts > 1 0.031 3.443 (1.117, 10.615) 0.076 3.049 (0.890, 10.453)

Note: Statistically significant values are identified in boldface. 
Abbreviations: OR, odds ratio; CI, confidence interval; HBV, hepatitis B virus; BCLC, Barcelona Clinic Liver Cancer; PLT, platelet 
count; INR, international normalized ratio; TRA, transradial access; RA, radial artery.
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serious adverse events or permanent RAO were observed and repeat TRA procedures (no more than twice) were shown 
to be safe. In cardiac interventions, the rate of RAO after using the patent hemostasis strategy was higher (2.8–11.7%) 
than that observed in peripheral interventions (0–0.73%).12,16–18 This could be because of the smaller sheath size (ie, ≤ 5 
Fr) which is usually sufficient for most peripheral interventions; however, larger sheaths are more commonly needed in 
cardiac TRA interventions.19

In this study, compression for 30 min was sufficient for most patients (87.3%) to achieve hemostasis (mean time to 
achieve hemostasis: 31.8 ± 5.0 min). The compression time was as short as the time to achieve hemostasis using distal radial 
artery access (25–40 min).20 Roberts et al used the TR band (Terumo) to measure compression time in patients undergoing 
cardiac TRA interventions, and the compression time was 219 ± 82 min.21 In another study using a self-made device to 
compress the TRA after coronary angiography, the compression time was 68.3 ± 12.2 min.22 These results showed that the 
compression time for peripheral and cardiac interventions was different, even with the application of a patent hemostasis 
technique. As discussed, these differences could result from the use of different sizes of sheaths. These data thus suggest that 
a patent hemostasis strategy should be modified to fit the unique application scenario of peripheral interventions.

Therefore, we propose a modified hemostasis protocol based on platelet counts and a patent hemostasis strategy for 
peripheral interventions. Platelet count was used to modify the strategy because: (1) bleeding complications were 
fewer in TRA, which was recommended for use in patients with a low platelet count (< 50×109 /L) in peripheral 
interventions;23,24 (2) previous studies showed that antiplatelet therapy could increase the incidence of access-related 
adverse events (eg, hematomas); and (3) in this study, platelet count was found to be an independent predictor of 
whether or not patients could achieve complete hemostasis within 30 min after the TRA procedure. Additionally, to 
simplify the strategy, a platelet count of 100×109 /L was used as the cut-off value to stratify the patients into two 
groups. For patients with a platelet count of < 100×109 /L, a 60-min compression was sufficient to achieve complete 
hemostasis. However, for patients with a platelet count of ≥ 100×109 /L, a 40-min compression was sufficient to 
achieve complete hemostasis.

This study had some limitations. First, this was a single-center study with a small sample size, and the findings 
and strategy require further validation. Second, only one type of radial sheath (5-Fr radial access kit, Radiofocus, 
Terumo) and a single fine radial compression device (Finale, Merit) were used in this study. For centers using 
other TRA sheaths and compression devices, we advise modifying the strategy according to their observations. 
Third, patients enrolled in this study received TRA procedures no more than twice; hence, further studies to 
investigate the influence of the modified hemostasis strategy on repeat TRA procedures (more than twice) are 
warranted. Finally, patients who did not achieve hemostasis during the initial evaluation at 30 min experienced at 
least one additional bleeding event during the testing process. Consequently, the time to achieve hemostasis might 
have been shorter in these patients if only one test was performed at a later, more appropriate time.

Conclusion
In conclusion, to achieve hemostasis in patients with HCC treated with TRA-TACE, compression for 60 min is sufficient 
in patients with a platelet count < 100×109 /L, and compression for 40 min is sufficient for patients with a platelet count ≥ 
100×109 /L. This strategy may improve patient satisfaction and efficiency of TRA procedures in the field of peripheral 
interventions.

Abbreviations
TRA-TACE, Transradial access chemoembolization; TRA, Transradial access; TFA, Transfemoral access; RAO, Radial 
artery occlusion; HCC, Hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; PLT, Platelet count.
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